In the standard model of the elementary particles, the number of neutrino flavor is three. However, there have been indications of existence of 4th neutrino, called sterile neutrino, in some neutrino oscillation related experiments. A number of experiments are planned to test whether such indications are true or not. Among them, experiments which use neutrinos from π + , K + , µ + decay at rest (DAR) are promising because the energy spectra of neutrinos are very well known and clean oscillation measurements are possible. In this proceedings, properties of such DAR neutrinos and LSND, JSNS 2 , OscSNS and KPipe experiments are briefly introduced.
Introduction
In the standard model of the elementary particles, the number of neutrino flavors is three. However, some of neutrino oscillation related experiments show anomalies which can not be explained by the standard three flavor neutrino oscillations. LSND (Liquid Scintillator Neutrino Detector) group reported an excess of 88 ν e events in ν µ beam in 1993∼1998, where ν µ was produced in µ + decay at rest(DAR) [1] . If the excess is caused by neutrino oscillation (ν µ → ν e ), the mass-square difference is ∆m 2 > 10 −2 eV 2 . This large ∆m 2 can not be explained by the standard three flavor neutrino oscillations and existence of 4th neutrino which does not feel the weak interactions and thus called sterile neutrino, has been suggested. Later on, KARMEN (KArlsruhe Rutherford Medium Energy Neutrino experiment) group performed similar measurement and obtained null result [2] . However, some of the LSND-positive oscillation parameter regions have survived because of shorter baseline. MiniBooNE (Mini Booster Neutrino Experiment) group performed measurement using neutrinos from decay in flight and obtained positive oscillation results [3] . However, it is pointed out that there is a possibility that the observed ν e and ν e signals are actually caused by γ's from neutral current interactions and the result is not conclusive. ICARUS(Imaging Cosmic And Rare Underground Signals) group obtained negative result and showed sin 2 2θ < 10 −2 [4] . On the other hand, reactor neutrino flux has been reported to be 6% smaller than expectation and the ν e flux from radioactive source has been reported to be 14% smaller than expectation (see summary [5] ). Those results can be explained if there are sterile neutrinos with m > 1 eV which mix with our regular neutrinos with mixing angle sin 2 2θ ∼ 0.2 as shown in Fig.-1 Figure 2 : Example of the neutrino energy spectra (J-PARC MLF) [6] . The neutrinos are produced in decay at rest (DAR), decay in flight (DIF) and nuclear interactions. Four kinds of neutrinos from DAR to be used in the experiments described in this paper are indicated by arrows.
indicated by arrows. The production scheme of those DAR neutrinos is shown below.
High energy protons hit target material and produce π and K mesons by the strong interactions. The π + /K + stop in the target and decay to µ + + ν µ with lifetimes τ = 26/12 ns. Since the π + /K + decay at rest, the produced ν µ 's have monochromatic energies of E ν = 30/236 MeV. The produced µ + 's stop in the target and decay as µ + → e + + ν e + ν µ with lifetime 2.2 µs. Since the momentum of the parent µ + is zero, the energy spectra of the produced ν µ and ν e are well known. By setting the timing window of the event selection to be less than a few tens of nano seconds from the beam pulse, the monochromatic ν µ 's from the π + and K + DAR can be selected and by setting the timing window to be later than a few hundreds nano seconds, the ν µ and ν e from the µ + DAR can be selected. For ν µ → ν e oscillation experiments, there is an intrinsic background of ν e from the π − (stop) → µ − (stop) → ν e decays. However the magnitude of the ν e flux is suppressed to an order of 10 −3 since π − and µ − are absorbed by the target nuclei before they decay. In addition, the small contribution of the background ν e can be measured from the energy spectrum. energy and current were 800 MeV and 1 mA, respectively. 600 µs of pulse beam was delivered with repetition rate of 120 Hz, resulting in the duty factor of 7.2 %. The beam target was water or high-Z material and the beam stopper was copper. The baseline was 30 m. It used a 167 tons of low light-output liquid scintillator to detect bothČerenkov light and scintillation light. Fast neutron background can be reduced by requiring theČerenkov light. ν e was detected by inverse β decay reaction with proton followed by the neutron capture on proton. The average time difference between the positron signal and neutron signal was ∼ 200 µs. They observed excess of 88 ν e events in 6 years operation as shown in Fig.-4(a) . The allowed oscillation parameter regions are shown in Fig.-4(b) . This positive oscillation result is inconsistent with other neutrino oscillation measurements within the three neutrino flavor scheme and has not been accepted as an conclusive result from the neutrino oscillation community and further experiments with better sensitivities are required to test the result.
JSNS
2 experiment The energy of the proton beam is 3 GeV and the power will become 1 MW when the experiment is supposed to starts. The MLF proton beam consists of two narrow (∼100 ns) pulses which are ∼600 ns apart. The twin beams hit the target every 40 ms (25 Hz). Fig.-6(a) shows the timing of the neutrino production. By setting the timing window (1 < t < 10 µs) after the start of the first beam pulse, the beam associate background and neutrinos from π/K decays can be eliminated and the beam uncorrelated background can be suppressed to 1.1 × 10 −4 . The ν e background from the π − (stop) → µ − (stop) → ν e is suppressed to 1.7 × 10 −3 because π − and µ − are absorbed by high-Z (mercury) target nuclei. JSNS 2 will use Gadolinium loaded liquid scintillator (Gd-LS) as neutrino target. Two neutrino detectors containing 25 tons Gd-LS each (Fig.-5(b) ) will be used. The detection method is the inverse β decay, like LSND. However, the neutron is absorbed by Gd, emitting 8 MeV γ-rays.
(a) (b) Figure 6 : (a) Timing spectrum and (b) Expected Sensitivity of JSNS 2 [6] ν e + p → e + + n : n + Gd → Gd ′ * : Gd
Using Gd, the environmental γ-ray backgrounds can be eliminated and the coincidence window can be made narrower, (200 µs → 30 µs). There are two options for the liquid scintillator (LS). One is high light output LS with enhanced pulse shape discrimination (PSD) capability for the fast neutron rejection and the other is LSND type low light output LS. The baseline is 24 m and the number of events will be 100/year in case sin 2 2θ = 0.003 and ∆m 2 > 1 eV 2 . The neutrino production and detection mechanisms are the same as those of LSND's and a direct test of LSND result can be performed. The sensitivity of JSNS 2 is shown in Fig.-6(b) . The JSNS 2 group submitted the proposal in 2013 and performed on-site background measurements using 500 kg plastic scintillators and obtained stage-1 approval from J-PARC PAC in 2014. The group is now requesting the budget for construction of the detector. OscSNS group is proposing to perform sterile neutrino experiment using the Oak Ridge Spallation Neutron Source (SNS) [7] . The neutrino detector and expected location are shown in Figs.-7. The energy of the beam is 1 GeV and power is 1.4 MW. The width of the beam pulse is 500 ns and the frequency is 60 Hz. Therefore, by setting the timing window (1 < t < 10 µs), the beam un-correlated background can be suppressed to 2.6 × 10 −4 . The baseline to the detector is 50 m and the target mass is 450 ton. The liquid scintillator is LSND type to detect bothČerenkov and scintillation lights. Fig.-8(a) shows the sensitivity of the OscSNS for ν µ → ν e measurement. Since the baseline is much longer than LSND, the positive region of the LSND result can be completely covered. In addition to the detection of ν µ → ν e oscillation, OscSNS plans to detect ν µ → ν e oscillation with following process. 
The ν e can be identified by the delayed coincidence of 12.5MeV monochromatic electron and β + ( Q=17 MeV) signals. Since the detector is long, disappearance of the neutrinos due to oscillation can be measured through L dependence of the deficit. 
KPipe experiment
Because the beam energy is high (3 GeV), monochromatic (236 MeV) ν µ from K + DAR are abundant at J-PARC MLF as can be seen in Fig.-2. The energy of the ν µ is high enough to perform the charged current interactions,
Therefore, the ν µ can be identified by the existence of the µ − in the final state. If oscillation ν µ → ν S takes place, it is identified as a deficit of ν µ flux. Since the neutrino energy is unique, a clear oscillation pattern will be observed in the L dependence of the deficit. The analysis is rather simple because it is not necessary to know absolute neutrino flux nor detection efficiency.
KPipe group is proposing to install 120 m long cylindrical liquid scintillator detector near the J-PARC MLF beam line as shown in Figs.-9 [8] . The diameter of the (a) (b) Figure 9 : (a) KPipe detector (b) KPipe site [8] "pipe" is 3 m and it extends 32∼152 m from the target. The total mass of the liquid scintillator is 700 ton. Fig.-10(a) shows the L/E dependence of the relative ν µ rate for various ∆m 2 parameters and Fig.-10(b) shows the sensitivity of this experiment.
Summary
Neutrinos from π + , µ + and K + decays at rest are strong tool to search for the sterile neutrinos. LSND showed positive results sometime ago and currently JSNS 2 , OscSNS and KPipe are proposed to search for the sterile neutrinos with better sensitivities than the LSND experiment, all using the DAR neutrinos.
(a) (b) Figure 10 : (a) L/E dependence of the deficit (b) KPipe Sensitivity [8] 
